Quadruple perovskites Ba 4 LnRu 3 O 12 (Ln = La, Nd, Sm-Gd, Dy-Lu) were prepared and their magnetic properties were investigated. They adopt the 12L-perovskite-type structure consisting of Ru 3 O 12 trimers and LnO 6 octahedra. All of these compounds show an antiferromagnetic transition at 2.5 -30 K. For Ba 4 NdRu 3 O 12 , ferrimagnetic ordering has been observed at 11.5 K. The observed magnetic transition is due to the magnetic behavior of the 3
Introduction
The perovskite oxides ABO 3 form a wide family of compounds, reflecting the flexibility in the chemical composition and crystal structure. Structures of perovskite compounds can be regarded as the stacking of close-packed AO 3 layers and the filling of subsequent octahedral sites by B-site ions. The difference in the stacking sequence changes the way of linkage of BO 6 octahedra: the corner-sharing BO 6 in the cubic perovskite (3L: three-layer) with abc… sequence, the face-sharing BO 6 in 2L-perovskite (2L: two-layer) with ab… sequence, and mixed linkages (Ln = lanthanides) in which the ratio of Ln:Ru is 1:3. In the Ba 4 LnRu 3 O 12 , three RuO 6 octahedra are face-shared, forming a Ru 3 O 12 trimer, and we thought that peculiar magnetic behavior due to new alignment of the Ln and Ru ions should be observed [23] . In the Ba 3 LnRu 2 O 9 , the ground state of the total spin of the isolated Ru 2 O 9 dimer may be zero, i.e., S total = S 1 + S 2 = 0, for the case that the antiferromagnetic coupling exists between the Ru ions. On the other hand, in the case of Ba 4 LnRu 3 O 12 compounds, the total magnetic moment of the Ru 3 O 12 trimer does not disappear as far as three Ru ions are equivalent.
In the preceding paper, we published the results of magnetic susceptibility and specific heat measurements for quadruple perovskites Ba 4 LnRu 3 O 12 (Ln = Ce, Pr, Tb) in which the Ln ions are in the tetravalent state [23] . Although no long-range magnetic ordering of Ru 4+ were formed due to easy sublimation of Ba oxides and Ru oxides. In order to decrease such an impurity phase, the excess amount of BaRuO 3 [25] was added during sample preparation.
X-ray diffraction analysis
Powder X-ray diffraction profiles were measured using a Rigaku Multi-Flex diffractometer with Cu-Kα radiation equipped with a curved graphite monochromator. The data were collected by step-scanning in the angle range of 10°  2θ 120° at a 2θ step-size of 0.02°. The X-ray diffraction data were analyzed by the Rietveld technique, using the programs RIETAN2000 [26] .
Magnetic susceptibility measurements
The temperature-dependence of the magnetic susceptibility was measured in an applied field of 0.1 T over the temperature range of 1.8 K T 400 K, using a SQUID magnetometer (Quantum Design, MPMS5S). The susceptibility measurements were performed under both zero-field-cooled (ZFC) and field-cooled (FC) conditions. The former was measured upon heating the sample to 400 K under the applied magnetic field of 0.1 T after zero-field cooling to 1.8 K. The latter was measured upon cooling the sample from 400 to 1.8 K at 0.1 T. The field dependence of magnetization for Ba 4 LnRu 3 O 12 (Ln = La, Nd, Lu) was measured at 1.8 and 5 K over the applied magnetic field range of -5 T  H  5T. As mentioned above, the effective magnetic moments decrease with decreasing temperature for these compounds, and they are determined to be 2.86μ B above 150 K. Although this value is larger than the moment expected for S = 1/2, it is much smaller than the moment calculated from the contribution of (2Ru 4+ + Ru 5+ ), 5.57μ B (see Table 3 ). That is, we can accept that the 
Results and Discussion
where χ CW is the susceptibility of Ru 3 O 12 trimer, and χ TIP is the temperature-independent term containing the diamagnetic term. The ground state of the Sm 3+ ion is 6 H 5/2 . Considering the contribution from the excited states 6 H J (J =7/2, 9/2, ---, 13/2), the molar magnetic susceptibility of Sm 3+ can be written by the following equation [33] , Definition of reliability factors R wp , R I and S are given as follows: 
